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Abstract  
BACKGROUND: Rugby is an intermittent team sport, commonly stressing the endocrine 
system by physiological efforts. However, no review has synthesized the available literature 
on the hormonal responses to a rugby match. The purpose of this review was to examine the 
hormonal responses to a rugby match. Mediator and moderator variables for the rugby match-
hormonal responses relationship were also discussed. METHODS: The systematic search was 
conducted using different databases and according to the Population/Intervention or 
Exposure/Comparison/Outcome(s) [PICO] criteria. RESULTS: The data obtained in the 
present review shows that match contests was the moderator variable between rugby match-
testosterone changes relationship. Particularly, official matches decreased pre-to-post 
testosterone levels by 43.9%, while simulated matches increased pre-to-post testosterone 
levels by 33.6%. There were no significant differences between official and simulated 
contests for the cortisol response to a rugby match which could be explained in part by the 
small numbers of included studies and participants (71 high-level male players). Thus, it has 
been shown that a rugby match provides considerable stress to the endocrine system, which 
lasts up 38-48 h into the recovery period. CONCLUSIONS: The hormonal assessment of 
rugby players is a valid tool for monitoring stress during a rugby match and provides the 
opportunity to identify how athletes cope with stress induced by a competition. The 
information also provides potential for various mental/recovery strategies that may contribute 
to performance enhancement. 
 
Key words: stress, psychophysiology, rugby, competition. 
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Introduction  
Rugby is an intermittent team sport which is characterized by high-intensity activity periods 
(e.g., high-speed running, sprinting, and physical collisions) and low-intensity recovery (e.g., 
standing, walking, and jogging) performed over two 40-minute halves.1 Thus, it is likely that 
the high-intensity demands, may cause perturbations to the muscular, endocrine, and immune 
systems. In this context, the hormonal responses, particularly the testosterone, cortisol and 
testosterone/cortisol ratio, during a rugby competition may be an valid tool to monitoring 
player stress per se and athletic performance recovery.2,3,4,5 
 
Testosterone is a steroid hormone secreted from the Leydig cells of the testes under 
hypothalamic and pituitary control defining the hypothalamo-pituitary-testicular (HPT) axis.3 
Testosterone has many physiological roles within the body, all of which can be placed into 
two categories: androgenic and anabolic. However, cortisol is a steroid hormone, secreted 
from the adrenal cortex via the hypothalamus-pituitary-adrenal (HPA) axis, which increases 
in response to stressors including exercise.2,3 Increased or decreased cortisol and testosterone 
levels are related to various factors, e.g., psychological status, athletes’ characteristics and 
exercise intensity. For instance, hormonal responses to stressors, including exercise and 
training have been extensively studied.2,3,6 However, little is known concerning the hormonal 
responses to competition, particularly to rugby match. 
 
In the last two decades, previous studies have examined the hormonal changes during 
a rugby match.4,5 McLellan et al.4 showed a significant increase in salivary cortisol 
concentration immediately post-match, while testosterone/cortisol ratios decreased 
substantially post-match and 24 h post- compared with pre-match values. The increase in 
cortisol is similar to the findings of Ispirlidis et al.7 who found that cortisol concentrations 
were significantly elevated following a soccer match. However, with respect to testosterone, 
conflicting results have been reported.5,8,9 These discrepancies may be explained by match 
differences (fitness, level of activity) and the large intra- and inter-individual variability in 
responses. Consequently, the hormonal response to a rugby game relative to key moderator 
variables such as match outcome, gender, type of contest (i.e., official vs. simulation) and 
competitive level would provide important and useful information for monitoring stress and 
recovery states. Therefore, the aim of the present review was to determine the influence of a 
rugby match on hormonal (i.e., testosterone and cortisol) responses. 
 
4 
 
Methods 
Search strategy 
The systematic search was conducted using different databases, as recommended by the 
Cochrane Association, namely PubMed/MEDLINE, Scopus (Elsevier), ScienceDirect 
(Elsevier), SPORTDiscus, and Google Scholar with dates ranging from the earliest record to 
April 2016. All study designs were included. The search terms contained the following 
keywords: “rugby match”, “hormonal response”, “cortisol”, “testosterone”, “endocrine” and 
“stress”. The full search strategy is detailed in Table 1 and has been adapted to each mined 
database. Target journals have been hand-searched for capturing all potentially relevant 
studies. 
 
*** Table 1 here*** 
 
Inclusion and exclusion criteria 
According to previous reviews,10,11 studies were included in the review if they met all the 
following Population/Intervention /Comparison/Outcome(s) (PICO) criteria: 
(1) Population: studies recruiting male and female novice and/or elite rugby players at any 
age category as participants; 
(2) Intervention or Exposure: investigations studying the hormonal (i.e., testosterone and 
cortisol) changes over the duration of a rugby match using any hormonal 
measurements methods and collecting blood, urine or saliva samples. According to 
Archer’s,12 Book et al.13 and Wang et al.,14 salivary and serum methods are equally 
valid exhibiting strong positive correlations with one another. Moderator and 
mediator variables were also examined; 
(3) Comparison: hormonal changes (1) before and after a rugby match and (2) between 
simulated and official matches; 
(4) Outcome(s): the degree of hormonal (i.e., testosterone and cortisol) changes (e.g., 
immediately and 30 min post-match) after a rugby match; 
(5) Design: original investigations published in peer-reviewed journals; 
(6) Language filter: English. 
Studies were excluded if: 
(1) Reviews, comments, opinions and commentaries, interviews, letters to editor, 
editorials, posters, conference abstracts, book chapters, and books were excluded; 
Focusing on methodological issues (for example, comparing endocrinological assays); 
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(2) Studying hormonal changes in a sport other than a rugby match; 
(3) Lacking quantitative information and details. 
For further details concerning the systematic search strategy, the reader is referred to Table 1. 
 
Statistical analysis  
The hormonal changes between official and simulated contests were compared using a two-
way ANOVA. Statistical analyses were performed using the SPSS 16.0 software (SPSS Inc., 
Chicago, IL, USA). All significance tests were 2-tailed, and p values less than 0.05 were 
considered statistically significant. 
 
Results 
Study selection 
The search strategies yielded a preliminary pool of 921 possible papers. The full text of 15 
articles were retrieved and assessed for eligibility against the inclusion criteria. After a careful 
review of their full texts, 10 articles were excluded and the remaining 5 articles were eligible 
for inclusion in the review.  
 
Excluded studies 
Table 2 lists all excluded studies with reasons for their exclusion. The reader is referred to the 
table for further details. 
 
***Table 2 here*** 
 
Characteristics of included studies 
A total of 5 articles were identified in the present research, the characteristics of the study 
population included elite male players (Table 3). However, there was an uneven distribution 
between male (100%) and female (0%) participants, with all interventions involving males 
only. In addition, 5 studies included high-level male players as participants. The total number 
of participants included in this review was 71. Furthermore, the number of participants per 
study ranged between 10 and 17. The subject’s age within the selected studies was 21.9 years. 
All studies were cross-sectional with pre and post-match hormonal analysis (Table 3). 
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Participant’s characteristics, such as gender and age and percent changes (Δ%) from pre to 
post match of cortisol and testosterone were extracted and tabulated for each selected study 
(Table 3). Thus, the values of testosterone and cortisol were presented in nm/L in the analysis 
of results (Tables 4 and 5). 
 
*** Table 3 here*** 
*** Table 4 here*** 
*** Table 5 here*** 
 
Potential moderator variable 
Official rugby matches reported a slightly lower percentage increase in cortisol levels 
(Δ%=69.3) than simulated rugby matches (Δ%=86.4) (Table 4), although the difference was 
not statistically significant (p>0.05).  
Concerning the changes in testosterone, regardless of differences in gender, the data 
showed that official matches decreased pre-to-post testosterone levels by 43.9%, while 
simulated matches increased pre-to-post testosterone levels by 33.6%.  
 
Discussion 
The aim of this review was to examine the hormonal responses to a rugby match. Our results 
show that a rugby match induces significant hormonal stress in male players. More 
specifically, the data showed significant differences in the testosterone response to rugby 
games between official and simulated contests, with positive and negative changes in 
simulated and official matches, respectively. Cortisol concentrations did not vary with the 
match contest.  
Previous studies have demonstrated that testosterone decreased by 43% with a 
corresponding increase in cortisol by 70.6% from pre-match to post-match.9 Accordingly, 
studies investigating soccer matches have shown increases in cortisol levels.7,27,28 Thus, no 
investigation has studied hormonal changes after a rugby match in female players. 
Furthermore, previous studies have reported large increases in cortisol during basketball 29 
and soccer,30 although none of these acute cortisol responses were as great as in rugby 
competition. Particularly, Souglis et al.31 showed the greater increases in cortisol levels 
immediately after a soccer match (105% higher than baseline) than basketball and handball 
(~70% higher than baseline) and 50% higher than baseline in volleyball. In addition, higher 
cortisol response after official rugby match (70.6%) has been reported by Cunniffe et al. 9 than 
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the previous studies. Because of these physical and physiological demands of a rugby match 
there is a greater physiological emphasis observed than for many other sports.  
An increase in salivary cortisol from 30 min pre-match to 30 min post-match has been 
found 26 which is consistent with the results of others,5,19,32 who have identified a significant 
increase in cortisol (p < 0.001) after competitive performance. Several performance-related 
factors associated with elite Rugby League match play provide an explanation for 
significantly increased salivary cortisol 30 min post-match.4 After the peak in salivary cortisol 
30 min post-match a significant reduction in salivary cortisol was found 24 h post-match, 
followed by a further decrease in salivary cortisol at 48 h post-match to below 24 h pre-match 
salivary cortisol,4,19,32 although increases in cortisol level were observed longer into the 
recovery period in the study of Cunniffe et al. 9. It is possible that the differences in playing 
levels (higher in the study of Cunniffe et al. 9) and playing environment contributed to this 
greater stress response. 
Regarding the testosterone change after a rugby match, significant decreases in 
testosterone levels (43%) were observed immediately after the game.9 This change resulted in 
a large decrease in testosterone/cortisol (T/C) ratio, with values still not recovered after 14 h 
of recovery. Such findings corroborate those of a previous study in top-level rugby union.19 
Thus, further increases of testosterone and T/C ratio have shown below resting values 38 h 
into recovery.19 
 
Moderator variable 
Match contests 
The data obtained in the present review shows that match contests was the moderator variable 
between rugby match-testosterone changes relationship. Particularly, Cunniffe et al.9 showed 
that official rugby match decreased pre-to-post testosterone levels by 43.9%, while simulated 
match increased pre-to-post testosterone levels by 33.6%.8 This contradiction may be due to 
the differences of type of contest and psychological responses (e.g., perceptual of effort, 
motivation, anxiety) between official and simulated matches. Moreover, as other moderator 
variable, previous investigations have suggested that males demonstrate greater levels of 
stress response than do females.33 This can be explained by the (a) higher levels of both state 
and trait anxiety in females than males in sport contexts,34 (b) higher hormone concentrations 
for men at rest (particularly testosterone levels) and (c) the differences in body composition 
(e.g., higher fat mass in women) and/or in sexual hormonal status.35 Future research is 
required to understand and compare the responses of males and females. 
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Psychological mediators  
The alterations in the hormonal and psychological variables over the duration of a rugby 
game, suggest that combined psychological and hormonal changes during competition are of 
primary interest to monitor the competition stress in relation to rugby performance. It has 
been speculated that a combination of hormonal and psychological stressors imposed by 
competition are major factors contributing to these responses. To date, limited studies in this 
topic have been reported, researchers are encouraged to examine the psychological 
mechanisms of competitive situation-hormonal responses relationship. In the likelihood 
intrinsic motivation, individual self-confidence, perceptual of effort, anger, mental toughness, 
and competitive anxiety are the psychological variables related to a competitive event. 
It has been argued that hormonal changes in response to a soccer competition are 
driven by changes in mood state and/or by other psychological states elicited by the 
competitive event.36 Particularly, changes in mood state and the fluctuation in anxiety status 
over the game was correlated with testosterone change, but not with cortisol change.37 
Haneishi  and collaborators28 indicate that the subjects perceived greater psychological stress 
as measured by somatic anxiety during the soccer game than during practice. They showed no 
significant correlations were observed between salivary cortisol and competitive state anxiety, 
with the exception of a relationship (r=0.70) between salivary cortisol and cognitive anxiety at 
pre-practice for the starters. Thus, changes in mood and anxiety state were also found between 
winners and losers, with more positive states being observed in winners and more negative 
states being observed in losers at the end of the match.36 Overall, this finding supports the 
concept that perceived psychological responses, such as somatic and cognitive anxiety, and 
actual physiological responses, such as hormone response, affect performance independently. 
Accordingly, Filaire et al.37 showed the positive relationship between salivary cortisol and 
somatic and cognitive sport anxiety during judo competition. In contrast, no significant 
correlations were found between rating of perceived exertion (RPE) and salivary cortisol 
absolute changes during an official soccer game.38 
The mains limitations of the present review were the small numbers of included 
studies and participants. For that reasons, this brief review could not identify the moderating 
role of type of contest (i.e., simulated vs. official) between rugby match-cortisol change 
relationship. It might be possible that other factors that were not involved and assessed could 
also moderate the relationship between a rugby match and hormonal responses. For example, 
the time of the day when the competition was played can affect hormonal stress and 
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differences in the chronobiological system, relating to time of day may have been observed. 
Also, other factors, such as sleep, nutrition and psychological mediators which were not 
controlled before matches, could also influence hormonal responses. Future studies should 
monitor the aforementioned variables to improve the knowledge in this specific field. In 
addition, future research including psychological status in conjunction with the assessment of 
hormonal responses, in both simulation and official rugby competitions, are important 
considerations, that may provide greater understanding of the endocrine physiology that 
contributes to the positive or negative relationship observed. 
 
Conclusions 
The measurement of psychological and hormonal parameters offers a unique opportunity to 
achieve a more comprehensive evaluation of the stress responses of the individual in 
competitive situations. Furthermore, this review provides readers with the first rigorous 
analytical synthesis of data concerning hormonal changes during rugby matches. For instance, 
it has been shown that a rugby match is a stressful situation for the endocrine system which 
lasts up to 38-48 h into the recovery period. Particularly, the present review shows that match 
contest was the moderator variable between rugby match-testosterone change relationship. 
The challenge for future researchers would be to determine the hormonal responses of female 
and male players during a rugby match according to match contests, time of day, competitive 
levels and match outcome and to identify the mediator variables (e.g., self-confidence, mood 
state, motivation and anxiety) between rugby match-hormonal responses relationship. Finally, 
the psychological and hormonal assessment of rugby players will give the opportunity to 
identify how an athlete copes with stress induced by a competition and various 
mental/recovery strategies should be considered for performance enhancement. 
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Table 1. Search strategy of the present review.  
Search strategy Details 
Used keywords (rugby OR football) AND (hormone OR 
hormonal OR “stress response” OR “T/C ratio” 
OR endocrine OR neuroendocrine OR 
endocrinological) 
Searched databases PubMed/MEDLINE, Scopus (Elsevier), 
ScienceDirect (Elsevier), SPORTDiscus, Google 
Scholar 
Time filter Dates ranging from the earliest record to April 
2016 
Language filter  English 
Included article types Original, primary research articles 
Excluded article types Reviews, commentaries, opinion articles, 
methodological articles, letters to the editor, 
editorials, conference abstracts, book chapters 
and books, theses and dissertations 
Target journals Applied Physiology, Nutrition and Metabolism; 
Biochemia Medica; Biology of sport; British 
Journal of Sports Medicine; Endocrine; 
Endocrine Research; European Journal of 
Applied Physiology; Experimental and Clinical 
Endocrinology; International Journal of Sports 
Physiology and Performance; Journal of Athletic 
Training; Journal of Endocrinological 
Investigation; Journal of Exercise Physiology 
Online; Journal of Physical Therapy Science; 
Journal of Sports Medicine and Physical Fitness; 
Journal of Sports Sciences; Journal of Strength 
and Conditioning Research; Medicina dello 
Sport; Medicine and Science in Sports and 
Exercise; Neuroendocrinology Letters; 
Physiology and Behavior; 
Psychoneuroendocrinology; Research in Sports 
Medicine; Science and Sports; Stress 
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Table 2. List of excluded studies with reasons for exclusion.  
Excluded study  Reason for exclusion 
Cook and Crewther 16 Studied the effects of different pre-match 
motivational interventions on hormonal responses 
Cormack et al. 5 Did not specify the hormonal value  
Crewther and Cook 17 Studied the effects of different post-match 
recovery interventions on hormonal responses 
Crewther et al. 18 Did not specify the hormonal value 
Elloumi et al. 19 Did not specify the hormonal value immediately 
after match 
Elloumi et al. 20 
 
Did not specify the hormonal value immediately 
after match 
McLean et al. 21 Did not specify the hormonal values 
Murphy et al. 22 Did not specify the hormonal values 
Shearer et al. 23 Did not specify the hormonal values immediately 
post-match 
West et al. 24 Did not specify the hormonal values immediately 
post-match 
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Table 3.  Hormonal responses from pre- to post- rugby match (mean ± SD and/or relative effect %). 
Study  Type of 
competition  
Athletes 
characteristics 
(level; gender;  
age; n) 
Collection 
method  
Unit Testosterone   Cortisol T/C  
Barnes et 
al. 8 
Simulated Senior grade 
club; male;  
21.3+2.4 ; 10 
Plasma T : nmol/L 
C : nmol/L 
Pre 11.0+4.6 
Imm post  14.7+6.9 
Pre 333±154 
Imm post  621±247 
 
Cunniffe et 
al. 9 
Official Elite; male;  
26.4±0.7 ; 10 
Plasma  T : nmol/L 
C : nmol/L 
Pre 24.6±0.6 
Imm post 13.8±1.3 
14 h post 20.2±1.3 
Pre 313±6.3 
Imm post 534±47 
14 h post 400±21 
 
Mclellan et 
al. 4 
Official Elite; male;  
24.2 ± 7.3; 17 
Salivary C: nmol/L  
 
 30 min pre 
13.1±2.6 
Imm post 
P<0.05 
30 min post 
21.9±4.4 
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Mclellan et 
al. 25 
Official Elite; male; 
19.0±1.3 ; 17 
Salivary C: nmol/L 
 
 +68% 
from 30 
min pre to 30 min  
post 
 
Mclellan et 
al. 26 
Official Elite; male; 
19.0±1.3; 17 
 
Salivary C : nmol/L  24h pre: 10.1±1.3 
30min pre:13.1±2.6 
30min post: 21.9±4.4 
24h post: 15.3±3.5 
48h post: 9.5±1.4 
72h post: 9.5±1.6 
96h post: 7.0±1.1 
120h post: 9.2±1.5 
 
T:  testosterone; C: cortisol; T/C: testosterone/cortisol ratio;  Imm.: immediately; pre: pre-match; post: post-match. 
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Table 4. Pre- and post- rugby match value and percentage change (Δ%) of cortisol (nm/L). 
Study  Nature of 
competition 
Cortisol Δ% 
30 min Pre Pre Imm Post 30 min Post 
Barnes et al. 8 Simulated  333±154 621±247  +86.4 
Cunniffe et al. 9 Official  313±6.3 534±47  +70.6 
Mclellan et al. 4  13.1±2.6   21.9±4.4  
Mclellan et al. 25 Official     +68 
Imm: immediately 
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Table 5. Pre- and post- rugby match value and percentage change (Δ%) of testosterone (nm/L). 
Study Nature of 
competition 
Testosterone Δ% 
30 min Pre Pre Imm Post 30 min Post 
Barnes et al. 8 Simulated  11.0+4.6 14.7+6.9  +33.6 
Cunniffe et al. 9 Official  24.6±0.6 13.8±1.3  -43.9 
Imm: immediately 
 
